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RECENT PROGRESS ON THE LOS ALAMOS AURORA
ICF LASER SYSTEM

by

L.A. Rosocha and L.S. Blair

Los Alamos National Laboratory of ine University of Califorinia
P.O. Box 1663, MS-E548, Lcs Alamos, NM 87545

Abstract

Aurora is the Los Alamos short-pulse, high-power,
krypion-fluoride laser system. It serves as an end-to-end
technology demonstration prototype for large-scale
ultraviolet laser systems for short wavelength inertial
confinement fusion (ICF) investigations. The system is
designed to employ optical angular muitiplexing and
serial amplification by elgctron-beam-driven KrF laser
amplifiers to deliver stacked, 248-nm, 5-ns duration multi-
kilojoule laser pulses to ICF-relevant targets. This paper
prasents a summary of the Aurora system and a
discussion of the progress achieved in the construction
and intecration of the laser system. We concentrate on
the main features of the following major syctem
components: front-end lasers, amplifier train, multiplexar,
optica! relay train, demultiplexer, and the associated
optical alignment system. During the past year, two major
construction and integration tasks have been
accomplished. The first tack is the demonstration of 96-
beam multiplexing and amplified energy extraction, as
evidenced by the integrated operation ot the frort end, the
multiplexer (12-fold and 8-lold encoders), the optical relay
train, and thres electron-ceam-driven amplifiers. The
second task is tha assembly and installation of the
demultiplexer optical hardware, which consists of over
300 optical components ranging in size irom severa!
centimeters square {0 over a meter square.

Lintroduction

KrF lasers are promising candidates for inertial
confinemaent fusion J-ivers (ICF) bacause they have the
following specific advantages:

» Short wavelength {(which couples more etficiently to
fusion targe!s then either intrared or visible lasers);

« Decreased superthermal electron production;

* Increased plasma penetration, which leads to high
ablation pressures,;

« Broad bandwidth (which tends to deacrease
deleterious nonlinear plasma precesses),

* High intrinsic laser efliciency.
+ Economical construction cost;
+ High energy scalability;

+ Polential for repetitive operaticn,

However, because of a relatively low saturation flux,
large nonsaturable absorption losses, and the non-
storage nature (short excited state lifetime) of the laser
medium, the KrF laser must be scaled to larga aperture
sizes and operated in a long pulse (>100 ns) mode to
produce efficiant high energy (kJ- and MJ-class) outputs.
Because efficient coupling of the laser energy to a fusion
target requires a laser pulse duration with an energetic
compenent of ~5 to 10 ns, a means oif matching the target
pulse duration requirement to the laser amplifier puise
duration must be provided.

At Los Alamos, we have employed the technique of
optical multiplexing to accompglish this match because it
utilizes existing designs and conventional optical
methods. Figure 1 shows the concept. The application of
multiplexing to a kilojoule-class KrF/ICF laser driver will be
investigated at LANL with the Aurora system.

The Aurora KrF/ICF technology demonstration
prototype system employs optical angular multiplexing
and serial amplification by electron beam-pumped KrF
laser amplifiers to de'iver 5- 10 8-kJ, 248-nm laser pulses
of 5.ns duration to ICF targets. Aurora is being built in two
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Fig. 1: A schematic diagram that illustrates the concept of
optical angular multiplexing. From the front end pulse, an
ancocer produces a head-to-tail train of pulses that are
slighily separated in path angle. This pulse train ig then
amplifiad and the individual pulses are sent along appro-
priate flight paths such that all the pulses arrive at ‘he tar-
get simultanaously.



phases: the first phase (which has been assentially
completed) includes the multiplexing and serial
amplification features, while the second phase includes
the additional end-to-end demonstrations of demulti-
plexing and delivery of laser pulses to fusion targets. The
system has been described in great detail in several
earlier publications.1-3 The main power amplifier in the
system, the Large Aperture Module (LAM) has a laser
aperture of 1m x 1 m and is the largest and most
energetic existing ultraviolet laiser of its type so far
reported, having produced in excass of 10 kJ of 248-nm
laser light when operated as a nonoptimized unstable
resonator.4.5

The Aurora prototype will demonstrate critical
technologies involved in developing KrF drivers for fusion
and will serve as a test-bed for some particular
technological aspects of larger laser fusion systems. In
particutar, Aurora will examine:
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+ uniform electron beam pumping of large laser
volumes;

« optical angular multiplexing and demultiplexing
systeme that are scalable to iarge system designs;

+ staging of large KrF amplifiers;
* uv pulse propagation over long paths;
» alignment of multibeam systems;

* nove! approaches to optical hardware that can lead
to cost reductions for even larger systems.

Figure 2 shows a conceptual layout of the Aurora
system as it is preserily configured. This figure illustrates
all of the main optical and laser elements from the front
end through the the final power amplifier output, and on to
the target system. The first phase part of the system
employs the components from the front end to the LAM
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Fig. 2: A conceptual layout of the Aurora laser system. All of the main optical and lasar elements irom the front end,
through the final amplitier output and on to the target are shown. Stage gains, number of beams, and beam enorgy are
indicated at various points along the beam path. Typical delivered energy at the target is expected 10 be ~ 5 kJ in

48 beams.



output. In this phase, the basic approach s to replicate the
front end output using aperture slicers, beamsplitters, and
mirrors to produce a 480-ns long pulse train consisting of
96 beams each of 5-ns duration. These encoded
(multiplexed) pulses, which are spatially separated, are
then individually adjusted at the entrance pupil of an

optical relay system. The beam train is then relayed
through two single-pass iaser amplifiers (the Preamplifier
and Intermediate Amplitier), a double-pass laser amplifier
(the Large Aperture Module), and delivered to the optical
multiplexer (decoder). Beam train alignment to the
multiplexer is accomplished with two automated alignment
systems. One system points each of the 96 beams
through the Preamplifier entrance pupil and the second
keeps the Large Aperture Module primary mirror aligned
in real time. In principal, a final optimized design output of
15 to 20 kJ can be expected from the LAM.

To deliver short-pulse KrF laser energy to fusion
targets, the system will require decoder (demultiplexer)
optics to compress the multinlexed beam train and a target
facility to house and perform diagnostics on fusion targets.
The second phase of Aurora will be concerned with an
end-to-end demonstration of multiplexing, amplification,
demultiplexing, and delivery of energy to target. Due to
fiscal and programmatic constraints, only 48 beams from
the set of 96 mutiplexed and amplitied beams will be
demultiplexed and sent to target in the next one to twn
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years. Figure 3 shows an artist's conception of the
second-phase Aurora system as it will appear with a 48-
beam demultiplexer and target building in place. As
configured, this system is designed to stack 48 of the 96
beams into a single multi-kilojoule 5-ns pulse at the fusion
target.

in this paper, we will present brief surveys of the front
end, the amplifiers, the multiplexer and relay optics, the
alignment system, and the demultiplexer optics. The tar-
get irradiation apparatus, which is adequately treated
elsewhere,b will not be described here, other than to say
that considerable progress has been made in the
installation of the targej chamber and associated appara-
tus. Progress achieved in the construction, testing, and
integration of the laser system ovar thie past year will also
be discussed.

2. Front-End System

The front-end system provides the initial pulse that is
replicated and then amplified for delivery to the target.
The Aurora front-end system is progressing in stages that
correspond to the two phases of the project. An interim
front end now provides 5-ns pulses adaquate for startup
and initial integration of the amplifier chain. A front end to
be installed later (but developed during the past yeat) will
provide high-contrast ratio, pulse shaping, and bandwidth
flexibility.

LARQGE APERTURE MODULE

96-CHANNEL
MIRROR ARRAY

8-FOLD ENCODER

12-FOLD ENCODER

SAM AMPLIFIER

FRONT-END ROOM

Fig. 3: An anlist's conceptior of the Aurora system with tha 48.beam decoder and target building in place. Most of the

system is now built and is in the process of system integration.



20, Baseline Front End for Multiplexing
Remonstrations

The first-phase front-end system uses Pockels cells to
switch out a 5-ns puise from a longer 25-ns puise
produced by a commercial electric discharge-pumped,
injection-locked KrF oscillator-amplifier system. The 5-ns
pulse is then split intc two identical 5-ns pulses that are
then amplified by a commercial TEA KrF postamplitier and
cent !u the 12-fold encouer (multiplexer). The combinad
energy of the two pulses is approximately 250 mJ. The
performance of the system (tntal energy, contrast ratio,
and beam divergence) is determined by the character-
istics of the Pockels cell, the oscillator-amplifier, and the
post amplifier.

After enierging frori the second switch and polarizer
set, the single 5-ns pulse is split into two identical pulses
by the beamsplitter and then passed through two parallel
ulectric discharge post amplifiers. Upon emeiging from
the post ampiifiers, the two 5-ns pulses typically contain a
total energy of approximately 350 mJ; this is more than
sufficiant energy for the multiplexing demonstration. The
shape of the 5-ns pulses emerging from the post
amplifiers is deiermined by the eflective excited state
litetime of the KrF gain medium (which is due to a short
spontaneous litetime of about 6 ns and the effect of
collisional quenching). The KrF gain medium is in fact an
enargy storage medium with an effective lifetime of 2 -
2.5 ns, which results in an amplified pulse with a strong
spike on the leading edge.

2b. Advenced Front End for Target Shooting

The above front-end configuration meets the
requirements for the proof-of-principle demonstration of
the technique of angular multiplexing, but will not be
adequate for the delivery of energy o fusion targets since
the contrast ratio is only of order 100:1. To provide a high
quality taurget-shooter front end, Stimulated Brillouin
Scattering (SBS) phase-conjugate mirrors have been
used to improve the baseline front onc lasers.

The modified front end? (which contains mary
componenis common to the baseline front end ) is shown
in Figure 4. li takes advantage of commercially availabie
units, which are then appropriately moditied. A Lambda
Physik Modal EMG-130 KrF laser (which contains two
discharge heads that are used as en oscillator-amplifier
arrangement) comprise the main components of the new
front end. The oscillator cavity, which consists of a 10-m
concave high-reflectivity mirror and a 60% reflectance flat
output coupler separated by 1.26 m with a 1-mm
intracavity aperture, was operated with a mogaerate
amount ¢l dispersion provided by a single prism. This
resultad in a bandwidth of <10 cm*'. The 10-mJ, 20-ns
pulse from the oscillator is optically delayad by 20 ns {o
compensae fcr the built-in dalay betwean the twc
discharge iaser heads. A polarizer placed in the output
beam provides linear polarizat.on A beam-expanding
telascope then expands the beam to overiill the 1.5-cm x
3.0-cm cross saction of the prgamplifier An aperture at
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Fig. 4: Schematic diagram of the Aurora front end using
phase conjugation by Stimulated Brillouin Scattering
(SBS).

the focus of this telescope stops the backward ampiified
spontaneous emission (ASE) from damaging the
telescope input lens if the oscillator fails to operate. The
beam ic injected into the preamplifier by a 9% S-plane
reflection from an uncoated wedged beamsplitier.

After one pass of amplification, the beam is focused by
a 25-cm focal length lens into the SBS cell containing
20 atm of SFg. Tr » phase-conjugate reflection produced
when the medim reachas threshoid is returned through
the preamplifiur, amplitivd a seccend time, and taken
through the beamsplitter. The SBS pulse width can be
varied by attenuating the oscillator beam. This controls
the amount of time required to reach th:ashold in the SRS
medium. The oscillator atteruation has been adjusted 1o

provide the required pulse width of 5 ns. This pulsewidth
is very reproducible (<0.2 ns pulse-to-pulse -anation).

The 1.5-cm x 3.0-cm output beam from the preamplifier
is expanded with a 2x *elascope to form a 3-cm x 6-cm
bearn. This beam is split with a scraper mirror into two
identical square beams of size 3cm x 3 cm. Each of these
beams is sirgle-pass amplitied through a separate
Lumonics amplifier and delivared to the encoder.

The performance of the advanced front end shows
improvement in several areas when compared with the
baseline front end that used Pockels cells and polarizers
to create the 5-ns pulse. The prepulse has been rec:iced
as evidenced by an instrumentation-iimited measurement,
which showed a prepulse enargy oy <1u'4 of that in the
main pulse. Final heam quality from the amplitier is now
1.5 times diffraction limited (1.5 x DL) as compared to0 5.0 x
DL previously. The output energy has been doubled and
the maximum pulse repetitic.n rate has been increased
from one pulse per rninute to 0.5 Hz.



3. Amplifiers

The Kr/Ar/F gain medium in the Aurora amplifiers is
pumped by cold cathode electron guns, the details of
which have been described elsewhere.'® In summary,
the electron guns make use of pianar cold cathode diodes
with graphite felt emitters ranging in emission area from
1,200 cm2 to 20,000 cm2, The diodes are typically driven
by Marx generator-charged pulse forming lines (PFLs) of
low impedance (~2.7Q for most amplifiers). The typical
electrical pulse length is 650 ns, the diode voltage L00-
650 kV, and the current density 25 A/cm?2 at the cathode.
Electron current is transported into the laser gas with
~50% efriciency through Ti foils and a hibachi support
structure. Externally applied magnetic guide fields ot 1.5
to 3 kGauss are used to provide uniform current delivery.

The main amplification chain for Aurora consists of four
electron beam-driven KrF laser amplificrs ranging in
aperture size from 10 cm x 12 ¢cm to 100 cm x 100 cm.
These devices are specified the Small Aperture Module
(SAM), the Preamplifier (PA), the Intermediate Amplifier
(IA), and the Large Aperture Module (LAM). The
characteristics of these four amplifiers are summarized in
Table !.

Table |

Summary of Amplifier Specificatione

— Davice - SAM PA 1A _lAM
Pump pulse length (ns) 100 650 650 650
E-Gun voltage (kV) 300 675 675 675
E-Gun current in gas (A/em2) 12 10 10 12
E-Gun area (m2) G.12 1.20 1.20 200
Input / output ligit energy (J)  0.25/5 1/50 50/2k  2k/20k
Stage gein 20 80 40 10
Laser gperiure (cm x cm) 10x12 20x20 40x40 100x100

Figures 5-7 show some of the amplifier hardware. At
present all amplifiers have been operated successfully as
lasers, although the pumping of the |A needs improvement
in magnitude and uniformity. Thie LAM is representative of
all of the amplifiers in the Aurora chain, except that the PA
and A use single-sided electron beam pumping and the
SAM does not use a PFL. Tha thevretical performance of
these amplifiers has been discussed in detail else-
where.1.9

The actual performance of these laser devices has
been determined by experiments conducted to measure
the gain and by integrated 96-beam energy extraction
measurements. Figures Ba and 8b disp'ay the measured
va'uas of small-signal gain!0 for the PA and IA, while
Tablo Il gives the measured ampiifier performance. The

Fig. 5: Photograph showing the interior of the Preamplifier
(PA) cold cathode diode.

Fig. 6: A photograph showing the assembled Intermediate
Amplifier (IA). The laser chamber, diode vacuum box, and
the guide magnets are visible in the foreground; the Marx
generator and water PFLs are glightly visible in the
background.

12-eismeant beam train shown in Figure 9a is incident at
the SAM, amplitied, and replicated into a 26-element
beam train'! shown in Figure 9b. Amplitication of this
96-elament train is discussed in Section 5 of this paper.

4, Qptical System
4a. Multiplexer and Algnment Systems

The Aurora optical system is ranpresentative of typical
angularly multiplexed systems. It is Jesi¢ ned to match the
long amplifier electrical excitation pulse time, which is
dutermined by electrical and laser kineiins considerations,
to tho much shorter pulse times required for efiicient



(b)

Fig. 7: Photographs showing (a) the assembly of a set of
improved LANL-designed PFLs for the Large Aperture
Mocule (LAM) and (b) the diode box, laser chamber, and
guide magnets.

coupling of the lasor pulse energy to inertial fusion targets.
This system uses angle and time multiplexing to perform
this match. Distance is used to provide the necessary ti...e
delays needed to time-encode and decode a 96-beam
puise train of 5-ns pulses. The major parts of the system
are: (1) an optical encoder that raplicates the 5-ns front-
end cutput pulse to produce a 480-ns long pulse train
consisting cf 96 separate beams placed head-to-tail in
time, (2) ar angle encoder that spatially separates the
beamns so tt . they can be decoded at some later time and
aiso helps to direct the beams through the amplifiers: and
(3) a centered opiical system that relays the beams
through the amplitiers so that tha beams expand and fill
the active gain volumss; (4) an optical decoder to
appropriately delay the earlier pulses in the pulse train
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Fig. 8: Results of measurements of Aurora mid-chain
amplifier gain at low pump rate. (a) Spatial dependence of
PA small-signal gain at 80 kW/cm3. (b) Pressure depend-
ance of IA small-signal gain at 40 kW/cm3,

rolative to the later pulses so that they all arrive at the
target at the same time; (5) a vet of final aiming mirrors
and focusing I~nses that direct the beams onto the target;
and (6) three optical alignment systems that coniro! the
alignment of the encoder, the final amplifier feed mirror
array, and the final aiming mirrors. Figure 2 has shawn a
conceptual layout of the opiics in Aurora. Figure 10 shows
the key parts of the assembled multiplexer hardware.
Figure 11 shows the automated multiplexer alignment
system thai can simultangously align all 96 beams to an
accuracy 9f 3 tv 5 urad in approximately 3 minutes; two
other separate ahgnment systems will be required for the
tu'ly intagrated Aurora system.



Table il
Measured Performance of Electron-Beam-Pumped
Amplifiers
———Device = PA 1A JAM 1AM
Marx cherge (kV) 55 55 45 60
F (torr) 3.75 2.00 3.00 3.00
Kr (torr) 75 40 60 60
Total gas pressure (torr) 750 400 600 600
Deposited energy {(kJ) 10 18 123 173
Volume (liters) 176 597 2000 2000
Specific energy (J/) 56 29 67 87
Pump rate (kW/cm3) 80 42 95 144
go(m1), premix 2.06 1.33 2.05 Osc.
golm-1), in sity 1.86 1.16 1.90 Osc.
Extracted energy (kJ) §SG $8G §8G 10.7
Notos:

1. Osc.: oscillator experiments,

2. S8G: small-signa! gain expuriments.

3. premix: premixed laser gas.

4. in situ: laser gas mixed in chamber.

The optical system (multiplexer, demultiplexer, and
associated alignment systems) have been described in
detail in other publications.1-3.12 In this paper, we will
deal with recent progress achieved in the assembly of the
demultiplexer.13 Recently, several years of design,
procurement and assembly have culminated in the
accomplishment of a major Aurora milestone, namely the
installation of all of the demultiplexer hardware, which
consists of over 300 ontical components ranging in size
from several centimeters square t0 over a Mmeter square.
All optics are installed and all optical mount drive motors
and motor controllers are installed and operational.

4b, Optical Demuitiplexer System

Because the ICF target requires a short pulse of ~5~ns
duration, the 480-ns amplifier pulse must be compressed
for second-phase Aurora. The synthetic long pulse which
feeds the LAM consists of a train of 96 separate 5-ns
pulses. Théa 96 pulses that have been sncoded in the
multiplexer are the. decoded in the demultiplexer to
compress the fong pulse train into a single high-power
pulse. This is accomplished by sending the beams along
different flight paths to the target. Initially, for budgetary
and programmatic reasons, only 48 of the 96 beams will
be decoded and delivered to the target.

Figure 12 is a cliagram that illustrates the demultiplexer
(decoder) layuut. All 96 beams lea: @ the last lens of tha

.relay train (centared optical systam), which is near a pupil,
at different angles separated by 1.8 mrad. They are
direciad toward the LAM feed array (Fig. 13a), which is the
first position after the centered optical system where the
beams can again be individually pointed. The beam
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Fig. 9: (a) Twelve-element beam train incident at the SAM.
(b) Ninety-six-element beam train incident at the PA.

position and spacing on the feed array ara determined by
the recollimator array spacing and position. Each convex
mirror in the feed array is 10-cm square, However, the
beams on the array are only 5-cm square. The radius of
curvature of the convex mirrors is 5.99 m. Each feed
array mirror points at the LAM and expands the 5-cm
beam to 1 m to fill the amplifier with light. The concave
107-m radius of curvature LAM mirror causes the beams
to converge along the path toward the recollimator array
(Fig. 13b) where the beams are again separated. The
recollimator mirror spacing is 18 cm center-to-center. A
the recollimatur array, the beams are 14-cm square. The
17-cm square convex recollimator mirrors nave a 35.12-m
radius of curvature. They recollimate the beams and
direct them toward the 61-cm square fold mirrors shown in
Figure 14, A view of the LAM feed array, recollimator
array and fold mirrors is shown in Figure 15. The fold
mirrors point the beams toward the fine decoder,
Figure 16, which takes out the beam-to-beam time delays
and direct the beams to thae final aiming array shown in
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Fig. 10: Ninety-six-beam Aurora multiplexing is accom-
plished with three systems: (a) 12-fold encoder (aperture
division), (b) 8-fold encoder (intensity division), (c)
96--elenient, computer-controlled angle-multiplexing mir-
for array.
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4301

R
TURN MIRROAS OELAY MIRRO

RECOLLIMATOR S
ARRAY /
»
—_— t&_

FEED ARRAY
TARGET
CHAMBER

4

v |

-

EAST DECOD"R

Fig. 12: Present 48-beam demultiplexer layout with one-
sided target illumination (not to scale and only a few
beams shown). A 240-ns delay is required; a 120-ns ‘
delay is hidden in turn and grade change from a separ- Fig. 14: Foid mirror arrays showing the stands and light-
ation tunnei in the fine deccder wing. weight mirrors.

Fig. 15: A view down the beam tunnal showing the LAM
feed array (left), fold mirrors (right), and recollimator array

(far background).
TR s
*"\._

LA R X4
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eight-element recollimator array. These arrays are
assembled and integrated into the upstream optical sys- Fig. 16: The fine decoder stands and mirrors; these
tem. reiove the 5-ns time delays between adjacant beams.



Figure 17. The aiming mirrors point the beams through
the target lenses, shown in Figure 18, which focus all the
beams onto the target plane (at a best-focus spot size of
200 um).

The fabrication of these components has boen
progressing for the past few years. The Aurora hardware
represents a reasonable assessment of the present off-
the-shelf industry capability, quality, and cost for large KrF
laser system optical components. Aimost all parts were
specified to have a surface figura of at least A/10 or better
at 633 nm. This specification did not appear to drive the
cost. For all but the largest parts, we were able to check
the parts at LANL to ensure accuracy and quality.

The part-to-part tolerance for the convex LAM feed
mirrors, convex recollimator array mirrors, and the target
lenses were the most ditficult ‘o obtain an4 verify. The
lightweight pyrex mirrors that are shown in Figure 14
proved to be the most cost-effective approach for the

larger mirrors in the svstem. These mirrors now represent
a proven technology that can be applied to futurs systems.

Ongoing work on the optical system is concentrating
on the target alignment apparatus and the integration of
the optical system to the ampiifiers.

S. Recent Progress in System Integration

The most significant system integration milestone
achieved during the past year was the extraction of
amplified 96-beam energy from the Intermediate Amplifier.

LAY

Fig. 17: The firal aiming mirror stand and the 48 mirrors
that point the beams at the target focusing lenses.

Fig. 18: A view of the lens plate and the 48 target focusing
lenses.

For this demonstration, the front end, SAM amplifier, the
12-fold and 8-fold encoders, the Preamplifier, the optical
relay train, and the Intermediate Amgifie. were operated
as an integrated chain. The experimental setup is shown
in Figure 19. A 96-eleme beam train containing 256 J
was extracted from the 1A output. Aithough this is not the
design value of ~1 kJ, it represaents a significant step in
the integration of the entire Aurora laser system.

At present, we have made some improvements in the
SAM jain and are making some improvements in the PA
and |A that should allow the extraction of near-design
enargy from the amplifier chain. W= are now preparing
another system integration experiment that will
demonstrate the integration of virtually alt of the Aurora
system. In the upcoming expariment, the 96-element
beam train from the IA will be delivered to the
demultiplexer, where 48 beams wiill be decoded and
delivered to the target plane. A modest amount of
delivered energy (~100 J) is planned for this
demonstration. Aftar that achievement, the LAM will be
added 1o the system.

€. Reraiping lssyes

Aur e was built as ar- axpesiment t¢ examine many of
the twchnology issuos related to high power KrF/ICF
lasers. So far, we have demonstrated 96-beam
multiplexing and eriergy e -traction, amplifier staging, and
precise optical alignment, Saoveral other secondary
issues are also in nend of examination to optimize the
performance of Aurora and 10 resolve petential problems.
These are:
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Fig. 19: Ninety-six-beam energy extraction experiments are proceeding through the Aurora amplifier chain. Amplifier
chain performance to date: 256 J ot 248-nm laser radiction has been extracied from the Intermediate Amplifier, driven
by the front end, multiplexer, Smaii Aperture Moduie, and Praamplifier.

« Multiplexer/demuitiplexer crosstalk and scattering
trom optical coatings that may contribute to
crosstalk;

« Laser- and fluorine-induced damage to optical
coatlings,

« E-beam pumping uniformity limitations;
» Laser gas chemistry and contaminants;
» Long-path baam propagation;

» Pulse shaping.

These issues are now under examination and will
continue to be studied during the next year.
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